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(54) FORWARD MONITORING METHOD FOR VEHICLE 

(57)Abstract: 

PURPOSE: To judge a degree of danger due to a traveling 
vehicle and the like in front and other obstacles on the road 
automatically and at high speed by using a foreground 
image by a video camera without using a distance sensor 
for measuring an inter- vehicle distance to the preceding 
vehicle. 

CONSTITUTION: Movement of the same point on an 
object shown in two frames of images chronologically 
continuing in a series of foreground animations is detected 
as an optical flow vector, and danger is judged by its size. 
A narrow window set in the radical direction from FOE of 
the previous image is moved in the same direction on the 
successive image, and the optical flow vector of a point to 
be aimed at is set as an arrow connecting each of the 
central points of the position of the window where the sum 
of absolute values of difference in brightness of the area on 
the successive image that the window overlaps the window 
becomes the minimum, and the set position of the window 
in the previous image. However, the point to obtain the 

optical flow is the only point that the difference in brightness between the previous and successive 
images exceeds a certain threshold value so that influence of landscape outside the road or a traffic 
lane, letters or characters drawn on the road should be eliminated in obtaining the optical flow. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation . 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the front monitor approach for cars which picturizes a foreground from the self-car it is 
running, detects migration of the same point in the image of two coma carried out before and after a 
predetermined time phase as an optical flow, and supervises the relative relation between the 
precedence car to a self-car, or an obstruction on the street The front monitor approach for cars 
characterized by the thing of the size of the vector of the optical flow which appears to the point on 
said precedence car or an obstruction on the street, and an appearance location for which danger is 
therefore judged how. 

[Claim 2] From the infinite point corresponding to one point which shows the travelling direction of 
the self-car it is running in the image of the front of the images of two coma carried out before and 
after a predetermined time phase Setting up a long and slender aperture in the direction of a radial, 
and moving this aperture in the radiation direction from said infinite point in a next image to one 
point to note It asks for total of the absolute value of a brightness difference with the field of the 
image after lapping with the aperture and this aperture in an image of said front. The front monitor 
approach for cars according to claim 1 characterized by determining the arrow head which connects 
between each central point of the location of an aperture when this total becomes min, and the 
setting-out location in the image in front of this aperture as the optical flow of one point. 
[Claim 3] The front monitor approach for cars according to claim 1 characterized by searching for 
the brightness difference of each point between the images of two coma carried out before and after 
a predetermined time phase, and asking for an optical flow only about the point exceeding a fixed 
threshold with this brightness difference. 

[Claim 4] The front monitor approach for cars according to claim 1 characterized by removing the 
optical flow produced from the lane which was drawn on the scenery outside a route, or a road 
surface in asking for an optical flow, an alphabetic character, a notation, etc. 
[Claim 5] The front monitor approach for cars according to claim 1 characterized by setting up 
beforehand the field equivalent to the scenery outside a transit schedule lane in asking for an optical 
flow, and not processing the this set-up field. 

[Claim 6] The front monitor approach for cars according to claim 4 that it has the video camera 
which picturizes a foreground from the self-car it is running, the height from the lane on the road 
surface which the optical flow has produced based on optical flow information, an alphabetic 
character, a notation, etc, to a video camera is found, and this height is characterized by removing 
the optical flow which is in agreement with the height of the camera from a road surface. 
[Claim 7] The front monitor approach for cars according to claim 1 characterized by judging the 
degree of risk by the size of an opium poppy with weight, and this value by which weighting was 
carried out for every area to total of the die length of the optical flow vector which divides into two 
or more areas the field appointed beforehand, and exists in each area. 

[Claim 8] The front monitor approach for cars according to claim 7 characterized by judging the area 
where the predetermined threshold was set up for every area, and total of the die length of said 
optical flow exceeded this threshold to be dangerous. 

[Claim 9] The front monitor approach for cars according to claim 8 characterized by judging the 
level of danger with the level of the threshold which total of the die length of said optical flow 
exceeded by said threshold consisting of number level. 
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[Claim 10] The front monitor approach for cars according to claim 9 characterized by emitting an 
alarm according to the magnitude of the danger searched for. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the front monitor approach for cars for detecting a 
front car or a front obstruction in the case of transit of a car, and giving an operator warning using 
the image picturized with the video camera installed in the anterior part of cars, such as an 
automobile. 
[0002] 

[Description of the Prior Art] Conventionally, there are some which were indicated by for example, 
the Japanese-Patent- Application-No. No. 241855 [ two to ] official report as this kind of an 
approach. The approach indicated by this official report photos a foreground from the self-car it is 
running, recognizes migration of the same point of this photoed foreground as an optical flow for 
every predetermined time, acquires the information which consists of a location of the precedence 
car to a self-car, and relative velocity based on the distance robot which measures the distance 
between two cars of this optical flow and a front car, and when this information is judged to be 
dangerous on a basis, it tells an operator about that. 

[0003] Moreover, in order to ask for an optical flow, the technique called the matching method 
which detects a point between the images of two coma was adopted conventionally. As this matching 
method takes an aperture Wl to the pixel P which pays its attention on the image in t the event of 
being shown in drawing 9 (a), and it calculates a correlation value, moving an aperture to the whole 
region in an image, or a surrounding field and it is shown in drawing 9 (b), the point of an aperture 
W2 that the correlation value became max is searched for as corresponding points Q, i.e., a 
corresponding pixel, and this PQ (arrow head) serves as an optical flow. In order to calculate the 
above-mentioned correlation value sigma(Wl (x y) xW2 (x y))/(sigmaW12 (x y)xsigmaW22 (x y)) 
1/2 ....(1) 

Becoming count is performed. In addition, Wl (x y) and W2 (x y) It is the output of the coordinate 

(x y) in an aperture Wl and W2. 

[0004] 

[Problem(s) to be Solved by the Invention] However, by such conventional approach, in addition to 
the video camera which photos a foreground in order to judge risk, in order to know the location of 
the precedence car to a self-car, the distance robot for measuring the distance between two cars with 
a front car is also needed for coincidence. 

[0005] Moreover, as mentioned above, in order that it is necessary to perform data processing of 
detecting a point between the images of two sheets but in order to ask for an optical flow, and this 
data processing may detect a certain corresponding points of one point, it is said to 1 pixel of an 
image that it searches to all the pixels of all the fields in an image, or a surrounding field. In order to 
detect corresponding points over the whole image, this processing must be performed to all pixels. 
Moreover, many count is needed also in order to calculate the correlation value used as an index in 
order to search. 

[0006] Therefore, since a processing unit high-speed in order real-time-izing is difficult since 
computational complexity becomes huge, or to realize is needed, the problem that equipment itself 
will form an expensive rank is raised. Moreover, the trouble that it is difficult to distinguish that it 
will not be generated from the part of a precedence car and that the optical flow will arise neither 
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from an alphabetic character, nor a notation or a white line on the scenery outside a route or a road 
surface is also got. 

[0007] Therefore, this invention aims at offering the front monitor approach for cars of having 
enabled it to judge automatically the danger by a front transit car and other front obstructions, using 
the foreground image from the video camera installed in car anterior part, without measuring the 
distance between precedence cars in view of the conventional trouble mentioned above. 
[0008] Moreover, this invention aims at offering the front monitor approach for cars of having 
enabled it to recognize migration of the same point at a high speed as an optical flow for every 
predetermined time in the foreground picturized with the video camera. 
[0009] 

[Means for Solving the Problem] The front monitor approach for cars made by this invention in 
order to attain the above-mentioned object Picturize a foreground from the self-car it is running, and 
it recognizes as an optical flow based on the image of two coma which carries out migration of the 
same point of this picturized foreground before and after a predetermined time phase. In the front 
monitor approach for cars which supervises the precedence car or obstruction to a self-car based on 
this optical flow, it is characterized by judging danger with the magnitude of said optical flow of the 
point on said precedence car or an obstruction. 

[0010] The long and slender aperture centering on one of them is set up in the direction of a radial to 
one point noted from the infinite point corresponding to one point which shows the travelling 
direction of the self-car it is running in the above-mentioned front monitor approach for cars in the 
image of before in the image of two coma carried out before and after a predetermined time phase. It 
is characterized by asking for total of the absolute value of a brightness difference with the aperture 
in the image of said front, and asking as an optical flow of one point which pays its attention to the 
movement magnitude of an aperture when this total becomes min, moving this aperture in the 
radiation direction from said infinite point in a next screen. 

[001 1] In the above-mentioned front monitor approach for cars, it is characterized by searching for a 
brightness difference by the image of two coma carried out before and after a predetermined time 
phase, and asking for an optical flow about the point beyond a fixed threshold with this brightness 
difference. 

[0012] In asking for an optical flow, in the above-mentioned front monitor approach for cars, it is 
characterized by removing the optical flow produced from the scenery outside a route, the lane of a 
road surface, an alphabetic character, a notation, etc. 

[0013] In asking for an optical flow, the field equivalent to the scenery outside a route is set up 
beforehand, and it is characterized by not processing the this set-up field. 

[0014] It has the video camera which picturizes a foreground from the self-car it is running, the 
height from the lane on the road surface which the optical flow has produced based on optical flow 
information, an alphabetic character, a notation, etc. to a video camera is found, and this height is 
characterized by removing the optical flow which is in agreement with the height of the camera from 
a road surface. 

[0015] The field appointed beforehand is divided into two or more areas, and it is characterized by 
judging the degree of risk for every area with an opium poppy with weight, and this value that 
carried out weighting to total of the die length of the optical flow vector which exists in each area. 
[0016] A predetermined threshold is set up for every area and it is characterized by judging the area 
where said total of optical flow vector die length by which weighting was carried out exceeded this 
threshold to be dangerous. 

[0017] Said threshold consists of number level and it is characterized by judging the level of danger 
with the level of the threshold which said total of optical flow die length by which weighting was 
carried out exceeded. 

[0018] It is characterized by emitting an alarm according to the magnitude of the danger searched 

for. 

[0019] 

[Function] Since he is trying to judge risk paying attention to an OPUI cull flow becoming large with 
the magnitude of the optical flow of the point on a precedence car or an obstruction on the street so 
that relative velocity is so large that distance with a precedence car or an obstruction is small 
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according to the above-mentioned approach, it is unnecessary to form the range finder for measuring 
the distance between precedence cars exceptionally. 

[0020] An optical flow sets in the image of the front of the images of two coma paying attention to 
being formed in the direction of a radial from the infinite point corresponding to one point which 
shows the travelling direction of a self-car. Setting up a long and slender aperture in the direction of 
a radial to one point to note from the infinite point corresponding to one point which shows the 
travelling direction of the self-car it is running, and moving this aperture in the radiation direction 
from said infinite point in a next screen It asks for total of the absolute value of a brightness 
difference with the field of the image after lapping with the aperture and this aperture in an image of 
said front. Since he is trying to determine the arrow head which connects between each central point 
of the location of an aperture when this total becomes min, and the setting-out location in the image 
in front of this aperture as the optical flow of one point, it becomes relief of computational 
complexity and processing can be accelerated. 

[0021] since a brightness difference be search for paying attention to there be a location which do 
not have time brightness change like the empty include in an image or a road surface by the image of 
two coma carry out before and after a predetermined time phase and he be try to ask for an optical 
flow about the point beyond a fixed threshold with this brightness difference , the number of the 
points in the image which ask for an optical flow decrease substantially , and can accelerate by 
become possible to exclude useless processing . 

[0022] In order to remove the optical flow produced from the scenery outside a transit schedule lane 
in asking for an optical flow, the field equivalent to the scenery outside a transit schedule lane is set 
up beforehand, and since it is made not to process the this set-up field, the processing time is 
accelerable. 

[0023] The lane and alphabetic character on the road surface which was equipped with the video 
camera which picturizes a foreground from the self-car it is running, and the optical flow has 
produced using optical flow information, By finding the height from a notation etc. to a video 
camera, and removing the optical flow this whose height corresponds with the height of the camera 
from a road surface Only the optical flow produced only from the vehicle besides the front and the 
obstruction can be processed, and the processing time is accelerable while becoming possible to get 
to know danger using an optical flow. 

[0024] The field appointed beforehand is divided into two or more areas, and since existence of risk 
is judged for every area with an opium poppy with weight, and this value that carried out weighting 
to total of the die length of the optical flow which exists in each area, it can know in which location 
risk is. Moreover, a predetermined threshold is set up for every area, the area where total of optical 
flow vector die length exceeded this threshold is judged to be dangerous, and sweet red bean soup 
with mochi can do danger for every area. Furthermore, a threshold consists of number level, and he 
judges the level of danger with the level of the threshold which total of optical flow vector die length 
exceeded, and is trying to emit an alarm according to the magnitude of the danger searched for. 
[0025] 

[Example] Hereafter, the example of this invention is explained based on a drawing. Drawing 1 
shows the configuration of the equipment for enforcing the approach by this invention, the video 
camera with which 1 picturizes a foreground in this drawing, and 2 input the image obtained with the 
video camera 1, and the processing unit which performs the image processing mentioned later, the 
speedometer with which 3 measures the rate of a self-car, the processing unit which 4 inputs the 
image-processing result of a processing unit 2 and the self-car rate obtained from a speedometer 3, 
and perform danger judging processing, and 5 are alarms. 

[0026] Drawing 2 is drawing for explaining change of the foreground image obtained with a video 
camera 1, and the image which the video camera 1 picturized by time amount t in the situation 
containing the self-car which shows (b) to (a), and the image which picturized (c) by time amount 
t+delta t are shown, respectively. 

[0027] Now, a self-car presupposes that the flat path is gone straight on. For example, if the road 
sign and building which are shown in (a) are observed, an image as shown in (b) and (c) in time 
amount t and time amount t+delta t by the passage of time will be obtained. If they are connected in 
search of the point of corresponding in this image of two sheets, a velocity vector as shown in (d) 
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will be obtained. This is an optical flow. 

[0028] These optical flows appear in a radial from one point called FOE in an image (Focus of 
Expansion) here. It corresponds to one point which shows the travelling direction of a self-car on an 
image in FOE when it is called an infinite point or a vanishing point and the car is going straight on. 
Thus, the optical flow called for when the self-car is running is the direction of FOE to a radial. The 
optical flow emitted from the precedence car here includes the information which consists of a 
location of the precedence car to a self-car, and relative velocity, and it is considered that danger is 
high, so that an optical flow is long. 

[0029] Next, the detail is explained with reference to drawing 3 . optical arrangement of this drawing 
— if it is and 1 1 considers as the lens of a video camera, and the point corresponding to [ 12 / f / the 
image plane of a video camera, and / corresponding to one point of the arbitration on a precedence 
car or an obstruction in the distance from the lens 1 1 to the image plane 12, and P (X, Y, Z) ] the 
point P on the image plane 12 in p (x y) — from the ratio of parallelism of three square shapes x=f- 
X/Z .... (2) 
It becomes. 

[0030] If this formula is transformed and time amount differential is carried out X -(deltax/deltat- 
Z+x-Z')/f .... (3) 

It becomes. Moreover, the x direction components u of an optical flow U=deltax/deltat .... (4) 
It comes out, and since it is, this is used. Z=(f-X' - x-Z')/u .... (5) 
It becomes. 

[0031] Here Relative velocity of a Z — precedence car thru/or an obstruction and a self-car = - 
alpha .... (6) 

Since come out and it is, it is a top type (5). Z=(f-X f +xalpha)/u .... (7) 

It becomes. Therefore, the x direction components u of an optical flow u=(f-X'+xalpha)/Z .... (8) 
It becomes. It can be similarly found about Y. 

[0032] Therefore, from a top type (8), as for x components of an optical flow, the relative velocity of 
size, i.e., a precedence car, becomes large so that Z is [ the distance to smallness, i.e., a precedence 
car, or an obstruction ] smallness, or, so that alpha is size. This is the same also about the direction of 
Y. Therefore, an optical flow becomes so long that so size [ relative velocity ] still that it is **** in 
distance with a precedence car etc., and the direction when longer than the time when an optical flow 
is shorter than this is considered that the danger over a precedence car or an obstruction is relatively 
large. 

[0033] By this invention, use that the sense of a radial is asked for an optical flow from FOE, he is 
trying to ask a high speed for an optical flow, and the approach is explained below based on dra win g 
4 . 

[0034] Drawingj4 is drawing having shown one example of the approach of asking a high speed for 
an optical flow. First, a long and slender aperture is set up in the direction of a radial from FOE to 
one point first noted in the image in time amount t ( drawin g 4 (a)). Next, it asks for total of the 
absolute value of a brightness difference with the aperture in time amount t in the image in time 
amount t+delta t, moving an aperture one point at a time in the direction of a radial from FOE. And 
the movement magnitude of an aperture when total becomes min is calculated as a velocity vector of 
one point to which its attention is paid ( drawing 4 (b)). In addition, the above-mentioned brightness 
difference is a thing between the pixels of the corresponding location shown in (a) and (b) by O 
about each pixel which constitutes an aperture. It can ask for the optical flow of the whole image by 
performing the above processings repeatedly in all the points of the image of time amount t. 
[0035] Moreover, by the conventional approach, when corresponding apertures were compared, the 
cross-correlation value was used. Since total of the absolute value of a brightness difference is used 
by the approach of this invention to it, it becomes relief of computational complexity and processing 
can be accelerated. 

[0036] Further, it is asking for the velocity vector from not all the points in an image, and a 
difference is searched for and it is made to process by the image of time amount t and time amount 
t+delta t in this invention only to the point beyond the fixed threshold which is the difference. 
[0037] Generally, the image which projected the foreground during car transit has many locations 
which do not have a time brightness change like empty or a road surface. Asking for an optical flow 
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theoretically is impossible in such a location. Therefore, like the approach of this invention, within 
the image in time amount t, and the image in time amount t+delta t, if it is, it is accelerable by 
becoming possible to exclude useless processing by [ which is a brightness difference ] processing 
paying attention to things. 

[0038] A high speed is asked for an optical flow by approach which was mentioned above. However, 
the optical flow produced by what is not obstructions, such as scenery other than a route and a lane 
of a road surface, is contained in the optical flow which was able to be found here. Therefore, it is 
difficult to search for the danger by existence of a front obstruction or its obstruction using the 
optical flow currently called for here. Therefore, it is necessary to remove the optical flow produced 
from the scenery outside a route, or the lane of a road surface. Next, this approach is explained. 
[0039] Drawing 5 is one example of the approach of removing the optical flow by the scenery 
outside a route. The location where the slash is drawn in this drawing shall not process in the other 
location noting that it shows the route top. by carrying out like this, since it begins, the optical flow 
produced from the scenery outside a route cannot be found „********„ i n addition — and the 
processing time can be accelerated by restricting a field. 

[0040] Next, how to erase the mark on a road surface is explained using drawing. Drawing 6 is one 
example of this approach, and explains an optical configuration first. Drawing 6 is drawn instead of 
the car which installed the video camera going straight on, assuming that the whole road surface has 
approached. The lens of the video camera with which 1 1 picturizes the front, and 12 show the image 
plane of a video camera. 13 and 14 express the lane before and behind migration. The three- 
dimension coordinate which makes the core of a lens a zero, and the two-dimensional coordinate 
which makes Above FOE a zero on the image plane 2 are considered. 

[0041] The height to the video camera of the lane where the optical flow has produced the location 
of the lane before migration like [ similitude ratio / of two square shapes / three ] a formula (1) in P 
(X, Y, Z+deltaZ) and a Z direction if the location after deltaZ migration is set to Q (X, Y, Z) can be 
known. 

Y=y2 delta Z/fdeltay .... (9) 

The optical flow which height is in agreement with the video camera high, that is, has produced by 
the mark on a road surface etc. is removable using this height information that was able to be found. 
[0042] Here, deltaZ is the distance which advanced between time interval deltat of the image of two 
sheets, and it can ask for it by getting to know a car rate. It becomes possible to remove the optical 
flow produced from other than the front obstruction by processing which was explained above. 
Therefore, a front obstruction becomes possible [ searching for the danger which shows how much it 
is risk ] from the location and die length of the optical flow left behind now. 

[0043] Next, how to search for danger is explained. Drawing 7 shows one example of this approach. 
If a configuration is explained first, each field of I -IV shows the distant place of a self-lane, the 
method of Kon of a self-lane, the distant place of a next door lane, and the method of Kon of a next 
door lane, respectively. Danger is searched for for every area here with an opium poppy with weight, 
and this value that carried out weighting from total of the die length of the optical flow which exists 
in each field. Furthermore, the predetermined threshold is set up for every field, and if total of flow 
die length exceeds this threshold, it will be judged that the field beyond a threshold is dangerous. 
Number level setting of the threshold is carried out, and the level of danger can also be judged. 
[0044] It becomes possible to be able to demand caution from an operator by sounding an alarm at 
the end according to the magnitude of the danger searched for. Moreover, it also enables which field 
to indicate whether how many to be risk on a display. It is also possible to change classes, such as a 
tone of an alarm, with risk level furthermore. 

[0045] If the procedure of the image processing by the approach of this invention explained above is 
summarized and shown, it will become like drawing 8 . First, the image in time amount t is captured 
in step SI, and then the image in time amount t+delta t is captured in step S2. After that, FOE is set 
up in step S3 and a processing field is set up in continuing step S4. Then, it progresses to step S5 and 
the field where the brightness difference exceeded the fixed threshold by the image of time amount t 
and time amount t+delta t here is extracted. It asks for an optical flow in the field progressed and 
extracted to step S6 after that, the optical flow on a route is removed in the following step S7, and 
danger is calculated with the value which carried out weighting for every area in the following step 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/8/2005 



Page 6 of 6 



S8 further. 
[0046] 

[Effect of the Invention] Since existence of a forward cardiac failure theory object or its danger can 
be automatically judged according to this invention as explained above, a safety operation of a car is 
attained. 

[0047] The video camera which picturizes a foreground from the self-car judges risk with the 
magnitude of the optical flow of the point on a precedence car or an obstruction, and it is making and 
running especially is installed ahead [ one set ], and since it is unnecessary to form the range finder 
for measuring the distance between precedence cars exceptionally, it is realizable by low cost. 
[0048] Moreover, by limit of an abbreviation and a processing field etc., improvement in the speed 
of processing can perform relief of computational complexity, and useless processing, and real-time 
processing becomes easy about them. 

[0049] Furthermore, a hazard area and its degree are got to know, and the effectiveness of being able 
to emit a suitable alarm is acquired. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s i lows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Industrial Application] This invention relates to the front monitor approach for cars for detecting a 
front car or a front obstruction in the case of transit of a car, and giving an operator warning using 
the image picturized with the video camera installed in the anterior part of cars, such as an 
automobile. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] Conventionally, there are some which were indicated by for example, 
the Japanese-Patent- Application-No. No. 241855 [ two to ] official report as this kind of an 
approach. The approach indicated by this official report photos a foreground from the self-car it is 
running, recognizes migration of the same point of this photoed foreground as an optical flow for 
every predetermined time, acquires the information which consists of a location of the precedence 
car to a self-car, and relative velocity based on the distance robot which measures the distance 
between two cars of this optical flow and a front car, and when this information is judged to be 
dangerous on a basis, it tells an operator about that. 

[0003] Moreover, in order to ask for an optical flow, the technique called the matching method 
which detects a point between the images of two coma was adopted conventionally. As this matching 
method takes an aperture Wl to the pixel P which pays its attention on the image in t the event of 
being shown in drawing 9 (a), and it calculates a correlation value, moving an aperture to the whole 
region in an image, or a surrounding field and it is shown in drawing 9 (b), the point of an aperture 
W2 that the correlation value became max is searched for as corresponding points Q, i.e., a 
corresponding pixel, and this PQ (arrow head) serves as an optical flow. In order to calculate the 
above-mentioned correlation value sigma(Wl (x y) xW2 (x y))/(sigmaW12 (x y)xsigmaW22 (x y)) 
1/2 ....(1) 

Becoming count is performed. In addition, Wl (x y) and W2 (x y) It is the output of the coordinate 
(x y) in an aperture Wl and W2. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since existence of a forward cardiac failure theory object or its danger can 
be automatically judged according to this invention as explained above, a safety operation of a car is 
attained. 

[0047] The video camera which picturizes a foreground from the self-car judges risk with the 
magnitude of the optical flow of the point on a precedence car or an obstruction, and it is making and 
running especially is installed ahead [ one set ], and since it is unnecessary to form the range finder 
for measuring the distance between precedence cars exceptionally, it is realizable by low cost. 
[0048] Moreover, by limit of an abbreviation and a processing field etc., improvement in the speed 
of processing can perform relief of computational complexity, and useless processing, and real-time 
processing becomes easy about them. 

[0049] Furthermore, a hazard area and its degree are got to know, and the effectiveness of being able 
to emit a suitable alarm is acquired. 



[Translation done.] 



http ://www4.ipdl.ncipi . go j p/cgi-bin/tran_web_cgi_ej j e 3 /8/2005 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of* this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] Since existence of a forward cardiac failure theory object or its danger can 
be automatically judged according to this invention as explained above, a safety operation of a car is 
attained. 

[0047] The video camera which picturizes a foreground from the self-car judges risk with the 
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running especially is installed ahead [ one set ], and since it is unnecessary to form the range finder 
for measuring the distance between precedence cars exceptionally, it is realizable by low cost. 
[0048] Moreover, by limit of an abbreviation and a processing field etc., improvement in the speed 
of processing can perform relief of computational complexity, and useless processing, and real-time 
processing becomes easy about them. 
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to emit a suitable alarm is acquired. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, by such conventional approach, in addition to 
the video camera which photos a foreground in order to judge risk, in order to know the location of 
the precedence car to a self-car, the distance robot for measuring the distance between two cars with 
a front car is also needed for coincidence. 

[0005] Moreover, as mentioned above, in order that it is necessary to perform data processing of 
detecting a point between the images of two sheets but in order to ask for an optical flow, and this 
data processing may detect a certain corresponding points of one point, it is said to 1 pixel of an 
image that it searches to all the pixels of all the fields in an image, or a surrounding field. In order to 
detect corresponding points over the whole image, this processing must be performed to all pixels. 
Moreover, many count is needed also in order to calculate the correlation value used as an index in 
order to search. 

[0006] Therefore, since a processing unit high-speed in order real-time-izing is difficult since 
computational complexity becomes huge, or to realize is needed, the problem that equipment itself 
will form an expensive rank is raised. Moreover, the trouble that it is difficult to distinguish that it 
will not be generated from the part of a precedence car and that the optical flow will arise neither 
from an alphabetic character, nor a notation or a white line on the scenery outside a route or a road 
surface is also got. 

[0007] Therefore, this invention aims at offering the front monitor approach for cars of having 
enabled it to judge automatically the danger by a front transit car and other front obstructions, using 
the foreground image from the video camera installed in car anterior part, without measuring the 
distance between precedence cars in view of the conventional trouble mentioned above. 
[0008] Moreover, this invention aims at offering the front monitor approach for cars of having 
enabled it to recognize migration of the same point at a high speed as an optical flow for every 
predetermined time in the foreground picturized with the video camera. 



[Translation done.] 
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will form an expensive rank is raised. Moreover, the trouble that it is difficult to distinguish that it 
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[0007] Therefore, this invention aims at offering the front monitor approach for cars of having 
enabled it to judge automatically the danger by a front transit car and other front obstructions, using 
the foreground image from the video camera installed in car anterior part, without measuring the 
distance between precedence cars in view of the conventional trouble mentioned above. 
[0008] Moreover, this invention aims at offering the front monitor approach for cars of having 
enabled it to recognize migration of the same point at a high speed as an optical flow for every 
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MEANS 



[Means for Solving the Problem] The front monitor approach for cars made by this invention in 
order to attain the above-mentioned object Picturize a foreground from the self-car it is running, and 
it recognizes as an optical flow based on the image of two coma which carries out migration of the 
same point of this picturized foreground before and after a predetermined time phase. In the front 
monitor approach for cars which supervises the precedence car or obstruction to a self-car based on 
this optical flow, it is characterized by judging danger with the magnitude of said optical flow of the 
point on said precedence car or an obstruction. 

[0010] The long and slender aperture centering on one of them is set up in the direction of a radial to 
one point noted from the infinite point corresponding to one point which shows the travelling 
direction of the self-car it is running in the above-mentioned front monitor approach for cars in the 
image of before in the image of two coma carried out before and after a predetermined time phase. It 
is characterized by asking for total of the absolute value of a brightness difference with the aperture 
in the image of said front, and asking as an optical flow of one point which pays its attention to the 
movement magnitude of an aperture when this total becomes min, moving this aperture in the 
radiation direction from said infinite point in a next screen. 

[001 1] In the above-mentioned front monitor approach for cars, it is characterized by searching for a 
brightness difference by the image of two coma carried out before and after a predetermined time 
phase, and asking for an optical flow about the point beyond a fixed threshold with this brightness 
difference. 

[0012] In asking for an optical flow, in the above-mentioned front monitor approach for cars, it is 
characterized by removing the optical flow produced from the scenery outside a route, the lane of a 
road surface, an alphabetic character, a notation, etc. 

[0013] In asking for an optical flow, the field equivalent to the scenery outside a route is set up 
beforehand, and it is characterized by not processing the this set-up field. 

[0014] It has the video camera which picturizes a foreground from the self-car it is running, the 
height from the lane on the road surface which the optical flow has produced based on optical flow 
information, an alphabetic character, a notation, etc. to a video camera is found, and this height is 
characterized by removing the optical flow which is in agreement with the height of the camera from 
a road surface. 

[0015] The field appointed beforehand is divided into two or more areas, and it is characterized by 
judging the degree of risk for every area with an opium poppy with weight, and this value that 
carried out weighting to total of the die length of the optical flow vector which exists in each area. 
[0016] A predetermined threshold is set up for every area and it is characterized by judging the area 
where said total of optical flow vector die length by which weighting was carried out exceeded this 
threshold to be dangerous. 

[0017] Said threshold consists of number level and it is characterized by judging the level of danger 
with the level of the threshold which said total of optical flow die length by which weighting was 
carried out exceeded. 

[0018] It is characterized by emitting an alarm according to the magnitude of the danger searched 
for. 
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OPERATION 



[Function] Since he is trying to judge risk paying attention to an OPUI cull flow becoming large with 
the magnitude of the optical flow of the point on a precedence car or an obstruction on the street so 
that relative velocity is so large that distance with a precedence car or an obstruction is small 
according to the above-mentioned approach, it is unnecessary to form the range finder for measuring 
the distance between precedence cars exceptionally. 

[0020] An optical flow sets in the image of the front of the images of two coma paying attention to 
being formed in the direction of a radial from the infinite point corresponding to one point which 
shows the travelling direction of a self-car, Setting up a long and slender aperture in the direction of 
a radial to one point to note from the infinite point corresponding to one point which shows the 
travelling direction of the self-car it is running, and moving this aperture in the radiation direction 
from said infinite point in a next screen It asks for total of the absolute value of a brightness 
difference with the field of the image after lapping with the aperture and this aperture in an image of 
said front. Since he is trying to determine the arrow head which connects between each central point 
of the location of an aperture when this total becomes min, and the setting-out location in the image 
in front of this aperture as the optical flow of one point, it becomes relief of computational 
complexity and processing can be accelerated. 

[0021] since a brightness difference be search for paying attention to there be a location which do 
not have time brightness change like the empty include in an image or a road surface by the image of 
two coma carry out before and after a predetermined time phase and he be try to ask for an optical 
flow about the point beyond a fixed threshold with this brightness difference , the number of the 
points in the image which ask for an optical flow decrease substantially , and can accelerate by 
become possible to exclude useless processing . 

[0022] In order to remove the optical flow produced from the scenery outside a transit schedule lane 
in asking for an optical flow, the field equivalent to the scenery outside a transit schedule lane is set 
up beforehand, and since it is made not to process the this set-up field, the processing time is 
accelerable. 

[0023] While becoming possible to be able to process only the optical flow produced only from the 
vehicle besides the front, and the obstruction by having the video camera which picturizes a 
foreground from the self-car it is running, finding the height from the lane on the road surface which 
the optical flow has produced using optical flow information, an alphabetic character, a notation, etc. 
to a video camera, and removing the optical flow this whose height corresponds with the height of 
the camera from a road surface, and to get to know danger using an optical flow The processing time 
is accelerable. 

[0024] The field appointed beforehand is divided into two or more areas, and since existence of risk 
is judged for every area with an opium poppy with weight, and this value that carried out weighting 
to total of the die length of the optical flow which exists in each area, it can know in which location 
risk is. Moreover, a predetermined threshold is set up for every area, the area where total of optical 
flow vector die length exceeded this threshold is judged to be dangerous, and sweet red bean soup 
with mochi can do danger for every area. Furthermore, a threshold consists of number level, and he 
judges the level of danger with the level of the threshold which total of optical flow vector die length 
exceeded, and is trying to emit an alarm according to the magnitude of the danger searched for. 
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EXAMPLE 



[Example] Hereafter, the example of this invention is explained based on a drawing. Drawing 1 
shows the configuration of the equipment for enforcing the approach by this invention, the video 
camera with which 1 picturizes a foreground in this drawing, and 2 input the image obtained with the 
video camera 1, and the processing unit which performs the image processing mentioned later, the 
speedometer with which 3 measures the rate of a self-car, the processing unit which 4 inputs the 
image-processing result of a processing unit 2 and the self-car rate obtained from a speedometer 3, 
and perform danger judging processing, and 5 are alarms. 

[0026] Drawing 2 is drawing for explaining change of the foreground image obtained with a video 
camera 1 , and the image which the video camera 1 picturized by time amount t in the situation 
containing the self-car which shows (b) to (a), and the image which picturized (c) by time amount 
t+delta t are shown, respectively. 

[0027] Now, a self-car presupposes that the flat path is gone straight on. For example, if the road 
sign and building which are shown in (a) are observed, an image as shown in (b) and (c) in time 
amount t and time amount t+delta t by the passage of time will be obtained. If they are connected in 
search of the point of corresponding in this image of two sheets, a velocity vector as shown in (d) 
will be obtained. This is an optical flow. 

[0028] These optical flows appear in a radial from one point called FOE in an image (Focus of 
Expansion) here. It corresponds to one point which shows the travelling direction of a self-car on an 
image in FOE when it is called an infinite point or a vanishing point and the car is going straight on. 
Thus, the optical flow called for when the self-car is running is the direction of FOE to a radial. The 
optical flow emitted from the precedence car here includes the information which consists of a 
location of the precedence car to a self-car, and relative velocity, and it is considered that danger is 
high, so that an optical flow is long. 

[0029] Next, the detail is explained with reference to drawing 3 . optical arrangement of this drawing 
— if it is and 1 1 considers as the lens of a video camera, and the point corresponding to [ 12 / f / the 
image plane of a video camera, and / corresponding to one point of the arbitration on a precedence 
car or an obstruction in the distance from the lens 1 1 to the image plane 12, and P (X, Y, Z) ] the 
point P on the image plane 12 in p (x y) — from the ratio of parallelism of three square shapes x=f- 
X/Z .... (2) 
It becomes. 

[0030] If this formula is transformed and time amount differential is carried out X -(deltax/deltat- 
Z+x-Z*)/f .... (3) 

It becomes. Moreover, the x direction components u of an optical flow U=deltax/deltat .... (4) 
It comes out, and since it is, this is used. Z=(f-X f - x-Z')/u .... (5) 
It becomes. 

[003 1] Here Relative velocity of a Z — precedence car thru/or an obstruction and a self-car = - 
alpha .... (6) 

Since come out and it is, it is a top type (5). Z=(f-XM-xalpha)/u .... (7) 

It becomes. Therefore, the x direction components u of an optical flow u— (f-XM-xalpha)/Z .... (8) 
It becomes. It can be similarly found about Y. 

[0032] Therefore, from a top type (8), as for x components of an optical flow, the relative velocity of 
size, i.e., a precedence car, becomes large so that Z is [ the distance to smallness, i.e., a precedence 
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car, or an obstruction ] smallness, or, so that alpha is size. This is the same also about the direction of 
Y. Therefore, an optical flow becomes so long that so size [ relative velocity ] still that it is **** in 
distance with a precedence car etc., and the direction when longer than the time when an optical flow 
is shorter than this is considered that the danger over a precedence car or an obstruction is relatively 
large. 

[0033] By this invention, use that the sense of a radial is asked for an optical flow from FOE, he is 
trying to ask a high speed for an optical flow, and the approach is explained below based on drawing 
4 . 

[0034] Drawing 4 is drawing having shown one example of the approach of asking a high speed for 
an optical flow. First, a long and slender aperture is set up in the direction of a radial from FOE to 
one point first noted in the image in time amount t ( drawing 4 (a)). Next, it asks for total of the 
absolute value of a brightness difference with the aperture in time amount t in the image in time 
amount t+delta t, moving an aperture one point at a time in the direction of a radial from FOE. And 
the movement magnitude of an aperture when total becomes min is calculated as a velocity vector of 
one point to which its attention is paid ( drawing 4 (b)). In addition, the above-mentioned brightness 
difference is a thing between the pixels of the corresponding location shown in (a) and (b) by O 
about each pixel which constitutes an aperture. It can ask for the optical flow of the whole image by 
performing the above processings repeatedly in all the points of the image of time amount t. 
[0035] Moreover, by the conventional approach, when corresponding apertures were compared, the 
cross-correlation value was used. Since total of the absolute value of a brightness difference is used 
by the approach of this invention to it, it becomes relief of computational complexity and processing 
can be accelerated. 

[0036] Further, it is asking for the velocity vector from not all the points in an image, and a 
difference is searched for and it is made to process by the image of time amount t and time amount 
t+delta t in this invention only to the point beyond the fixed threshold which is the difference. 
[0037] Generally, the image which projected the foreground during car transit has many locations 
which do not have a time brightness change like empty or a road surface. Asking for an optical flow 
theoretically is impossible in such a location. Therefore, like the approach of this invention, within 
the image in time amount t, and the image in time amount t+delta t, if it is, it is accelerable by 
becoming possible to exclude useless processing by [ which is a brightness difference ] processing 
paying attention to things. 

[0038] A high speed is asked for an optical flow by approach which was mentioned above. However, 
the optical flow produced by what is not obstructions, such as scenery other than a route and a lane 
of a road surface, is contained in the optical flow which was able to be found here. Therefore, it is 
difficult to search for the danger by existence of a front obstruction or its obstruction using the 
optical flow currently called for here. Therefore, it is necessary to remove the optical flow produced 
from the scenery outside a route, or the lane of a road surface. Next, this approach is explained. 
[0039] Drawing 5 is one example of the approach of removing the optical flow by the scenery 
outside a route. The location where the slash is drawn in this drawing shall not process in the other 
location noting that it shows the route top. by carrying out like this, since it begins, the optical flow 
produced from the scenery outside a route cannot be found __********__ i n addition — and the 
processing time can be accelerated by restricting a field. 

[0040] Next, how to erase the mark on a road surface is explained using drawing. Drawing 6 is one 
example of this approach, and explains an optical configuration first. Drawing 6 is drawn instead of 
the car which installed the video camera going straight on, assuming that the whole road surface has 
approached. The lens of the video camera with which 1 1 picturizes the front, and 12 show the image 
plane of a video camera. 13 and 14 express the lane before and behind migration. The three- 
dimension coordinate which makes the core of a lens a zero, and the two-dimensional coordinate 
which makes Above FOE a zero on the image plane 2 are considered. 

[0041] The height to the video camera of the lane where the optical flow has produced the location 
of the lane before migration like [ similitude ratio / of two square shapes / three ] a formula (1) in P 
(X, Y, Z+deltaZ) and a Z direction if the location after deltaZ migration is set to Q (X, Y, Z) can be 
known. 

Y=y2 delta Z/fdeltay .... (9) 
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The optical flow which height is in agreement with the video camera high, that is, has produced by 
the mark on a road surface etc. is removable using this height information that was able to be found. 
[0042] Here, deltaZ is the distance which advanced between time interval deltat of the image of two 
sheets, and it can ask for it by getting to know a car rate. It becomes possible to remove the optical 
flow produced from other than the front obstruction by processing which was explained above. 
Therefore, a front obstruction becomes possible [ searching for the danger which shows how much it 
is risk ] from the location and die length of the optical flow left behind now. 

[0043] Next, how to search for danger is explained. Drawing 7 shows one example of this approach. 
If a configuration is explained first, each field of I -IV shows the distant place of a self-lane, the 
method of Kon of a self-lane, the distant place of a next door lane, and the method of Kon of a next 
door lane, respectively. Danger is searched for for every area here with an opium poppy with weight, 
and this value that carried out weighting from total of the die length of the optical flow which exists 
in each field. Furthermore, the predetermined threshold is set up for every field, and if total of flow 
die length exceeds this threshold, it will be judged that the field beyond a threshold is dangerous. 
Number level setting of the threshold is carried out, and the level of danger can also be judged. 
[0044] It becomes possible to be able to demand caution from an operator by sounding an alarm at 
the end according to the magnitude of the danger searched for. Moreover, it also enables which field 
to indicate whether how many to be risk on a display. It is also possible to change classes, such as a 
tone of an alarm, with risk level furthermore. 

[0045] If the procedure of the image processing by the approach of this invention explained above is 
summarized and shown, it will become like drawing 8 . First, the image in time amount t is captured 
in step SI, and then the image in time amount t+delta t is captured in step S2. After that, FOE is set 
up in step S3 and a processing field is set up in continuing step S4. Then, it progresses to step S5 and 
the field where the brightness difference exceeded the fixed threshold by the image of time amount t 
and time amount t+delta t here is extracted. It asks for an optical flow in the field progressed and 
extracted to step S6 after that, the optical flow on a route is removed in the following step S7, and 
danger is calculated with the value which carried out weighting for every area in the following step 
S8 further. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1 ] It is the block diagram showing an example of the equipment for enforcing the approach 
by this invention. 

[D rawing 2] It is drawing showing the foreground which the video camera of draw ing 1 picturizes, 
an image, and the optical flow obtained. 

[Drawing 3] It is drawing for explaining the method of detection, such as an obstruction by the 
approach of this invention. 

[Drawing 4] It is drawing for explaining how asking for an optical flow by the approach of this 
invention. 

[Drawing 5J It is drawing showing an example of the field set up in order that an optical flow might 
ask by the approach of this invention. 

[Drawing. 6] It is drawing for explaining the method of clearance of the optical flow by the lane on a 
road surface by the approach of this invention. 

[Drawing 7] It is drawing showing an example of the area divided in order to judge danger by the 
approach of this invention. 

[Drawing 8 J It is drawing showing a series of processings of the approach of this invention. 
[Drawing 9] It is drawing for explaining the trouble of the conventional approach. 
[Description of Notations] 

1 Video Camera 

2 Four Processing unit 
5 Alarm 

[Translation done.] 
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»mm&mm®# i - 7 - 1 £«$fi-8gtt 














(74)ftSA 


#s± ass (*u£) 










(54) [«91<Dfc*] ^ 









(57) am] 

[aw 5feff*wto*nniai«fniir»iB»-fe>-!j- 

iftlttt©*lRllc«BgLfclll«V»«*aHflLhfc*V»Tra 



at 







s 


W 








8 









V 



S8 & 

ft B 



Jv. 
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(2) 



mm^fG-l 0 7 0 9 6 



[»#^1] itfrLTV^gWiiSfrSiW^&ig&U 
WJ6H*BHBW«-r* 2 3V©B&tp©IM-,&©#i!j£:* 

J: o T ftfc* * WW T * H fc &ttflt t T « ifTJiS 

TiWtt©#fflfclie*^**RfcU «©l««fc:6V»T 

tt©H*?©ft£tifeK:ttftSffc©B*©4l*&©ME 

M©«e*HI©*g?n£#i&. BMS8]!&*g/.Mc&o &«»:#© 
J6©tt*fctt*©W©HI»K::fett*^lfc«i©*n-e 

n©+^Ara*H6^fii& i tico*-?^--* tuvya—t 

3 ] jffigttNtittft? « 2 nvaiswrg 
ii^©«*»H±fc»*ft;fc*w?»:s: i P, ^^7it" 

1 IB*©*l^ffltt7ji£«#fe. 

3c-7°7-J fl)\y □ -#±UTV»*RBff±©*«rt»:S?*\ 

e^fc&fo&KT*:***^*^©!^***. khs#( 

2 (Wlc.,) XW2<x.y) ) / (£W1 2 



**KJ:oTftR©flr&ftf«rTa - fcftWKifSil 
1 G*©*Pf fflttTjKftftfe. 
[ift&H8] #K*»fc«)e©l,*V>lt?£ttgl,. M 

gt7*f-f*^7 0- ©fi^©^fn*^b^^ffl*iKA 

©»Mfflta*m«7jffi. 

t7"T-f*^7P- ©S$©i^la*tS^fcL$Viffl[©k 

m&n 10] #«f> sn&jfei«©**a r» 

**3fif * H t t-T SM&H 9 |B«©*Mffl W7j 

[fS91©f¥«Hfti»#!] 
[0 0 0 1] 

T, *H©£fr©ttizit#©*m3Uiimfe&tt*iLZ 

<E#K:lFft«#*.«&86©*Pi < ffiW>erfta3EFjS6fcH-r* 

fc©Tfe-5. 
[0 0 0 2] 

[«£*©&«] £©»©#?£,!: bT. W*tf*f#K 

¥2-2 4 1 8 5 5^&«fcHjrc3ftfct>©a*»S. H 

*au$u ;i©iWLfci(m©n-^i©i«fct»fjei*mi 

»l:t7*f-('*^7D-iLTiiL > zwrt-y'j-jts 

fryu-t m^mm t ©* waist *»jrr * ibb* 

&5tif&£#> Jl©flMlftt)ttifetti:WWU&«^K 
[0 0 0 3] £&, ^y-^A^n — 

2 3v©w*m-c»arr*&ft*m-r*v:y 

>^&«, 0 9 (a) \Z^-T9$& t fc*W-*H«±fc* 
V>T»BT3W3!iPt::2*L®Wl £<hD. mn&RX 
HJ»H©«*fC»U«!«f>»b3te*«6*HMt«-J|tL, 
0 9 (b) ffiBHW*«*£tt-3& 

©pq &m wj-yTstuiya-ttez. ±sa 



&5ff-g&fr5. fc*3, Wlc,,) , W2u,,i «®W 
1, W2[*I© (x, y) Jffi£©tH7JT?fcS. 
[0 0 0 4] 



50 



(«.t) X2W2 1 («.,) ) 1/2 

(1) 

m z> tz * ic W7j*i^ t ©*Kffi«i«:M^-r « rztbomm 

[0 0 0 5] t7*f^*;l'7D-S^5fcii 

c, 2tsc©H«mT»«r-Bjisift«kajr*iv»3«iitffl 
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(3) 

3 

[0 0 0 6] tot, if£§#E£*!£&£fci65!l$fWfc 

*»Hii"c»ofco. sss-rsfcaicrau nm&omxn 

[0007] «t-3-r*»w»4. ±»u&ae*ow«jSiic 
jg-e^- « «t s ic w*fta*ft «««-r * c t 

*B«i:LTV>S. 20 
[0 0 0 8] *&#*9H4. Hx^*^5TSI«L&«[ 

[0 0 0 9] 

[«Wft*Hfc-r*fc*©*IU ±eB«fc»*-r*&» 

*»wfcj:oas*i&*wfliitoWEa*tttt. *fTbr 
tr>«a*H#>&tt*£a«u £©aHH/jfciiMi©ra— 

flEftWWTftJltftlMBtUT^*. 
[0 0 10] ±E*Plffltt^rea3trttK:*V»T, HfS» 

6» s-rs i j»te»UTifcittt©#rtiE-*© i 

«/hKfc-a&£*©*©*l»ft»Bf* 1 £©*:/? 
[0 0 11] ±C*HfflW*Ea**fc*t»T, m^Nr 

Hffitt«-r*2 3v©H«Trwflaeft*»» 

n-ft*»&scfcftW«tbT^*. 
[0 0 12] ±ffi*Mfflffi#Oi**feK::fc^T> 
Y *JU7n-€*»*te3fcoTiIttfl©Ml*I&ffi© 



iRrBfl^e- 1 0 7 0 9 6 

4 

[0 0 13] ^-^-f — **86St^fc^Ti8 

tt©ja*£frbfc^c t ftmsa: utv»*. 

[0 0 14] jfeff bTV»*i*Pf*»6W«*»«"r*t: 

^■r-f*;p7D-#»±i;Tv»«tt(B±©<tii j «»s^. IB 

[0 0 15] ^*Jfc»fc**ft|W(c©K*K:#»*, #K 

oTft*©*#*W»r*Cift1M*iLTV>*. 
[0 0 16] #K*#fc»fje©b*Vs«SWeu MG 

39»BtU*V»«ftitt*.fc|SO«ftiSRtW»rractft19« 

[0 0 17] WEbS^fltjWfcU^j^Sa:?), 

i^ww-snfc*^^ *;i^7o— *s©»»jfiSiBAfcb 
^ t^fii© u^;nc ± D fm.&e> v^)V&w$iTZ> z\t& 

[0 0 18] **SnfcftME©**Slca-3T»«ft 
[0 0 19] 

n-flt**<tt*££fc*BbT, ftff*HXtt»±B 
WitSiSKLTHSfflT, *9J5l5ff»Jlt©IIIJ©e 

(■ftajer«&a6©iE(iftftta!»*jeH«»ft<«:r3T^» 

[0 0 2 0] *77^*;U7n— jasB*W©*fr2FI«ilft 
1 ^lw»JS-r-5SSKii^efi[lttt©7j|n](C^3 
n*ctK:#BbT. 2z3v©Wfc©'5'S©il©iB«fc 
*^T, itf¥UTV»«a*ll©jtff*l^ftw-r l^fcjtt 
«-r*«B»jft*6. »lT*ljftfc#LT;ttMtt©# 
l*lK««V»«ft»3eL, «©TOK*V»TI)E«!ttWffllS 
BaA*6Ji[«*Hdfc»»Ua:3i«6. *9fEta©H«^© 
tt t fc*fc* a&i ©«#©««<!: ©W«M©«fi*ftt 
©iK»**«)> BE«»l38««/htftt>fct#©*©tt«i; 
K«©i9©B«lc*W-*a!Bfeffi«t©-€-n*n©4 , *j« 

fci/TVJ*©^, fmt«©w*iftoTffla©Kafl;*» 

[0 0 2 1] H«rtK**n*«S J MSBi©«t5R:WWW 
ft)»**fl;©!4v»»»f!fi«**::tic»BUT. 3f^M 
ffiir^-r«)2nv©®«t-e»a^**«). ttffdefi^ft 

-5-je©b€^®S:S^fc^lCO^T^7 p x^*JU7n 



—689— 



(4) $$M¥6- 1 0 7 0 9 6 

5 6 

CO 0 2 2] :*yx^#;^D-&#»-5ICSfc-3T;£ Tfe&^£ffi3£fT5«i*ffifflenf , 5«S«gfiT 

^^S-rSfcA^ff^^^WfflgiCffl^-r-SmJa [0 0 2 6] 0214, tft*^7ll:<t-3T#5n5 

fc^»«J£U K^Lf-^O^a&ff^^^^}: WSillSO^bSg5iig-r^fci*©0T*t3, (b) ti 

l/TV»40-C, ffl«l*lllOiSafl;*«fT^.*. (a) {C^-re^ffiSr^tf^fC^ViTtf^^^^l 

[0 0 2 3] ^fTbT^^>g*^e»«l«Sr»«T-5t tW^H t UfcBfii, (c) (WBt+AtflMl 

-SRSTSHtlCJiD. ilWffi*, M«tt©»;0>&£ T. (b) . (c) K«3n*J:5fcMltjJ«#&n*. 

titers ffia^K©flsii{k*tffx.^. n^^y^A^^n-T?**. 

[0 0 2 4] ^«>ffi86&«*Sa*©K«K:»lt. SK [0 0 2 8] C ' T cnS*^f-f n-14. Wl® 

^K^ftTS^^ajl^n— ©fiS©<8*m£#LT rtfflFOE (Focus of Expansion) 

sctOTts. II:. b#v>ffl*«»i^^;w»6S:rj, tt6ftftt^T-f*;i'7n-tt > ampfcafTSJfcfr* 

feRflE©**SfcfleoTWR*«-ra«k5fcbTl»*. [0 0 2 9] ifcfc, ^©M<&33 £#B8LTIB9§T 

[0 0 2 5] 5. iB©it*MEH*5^T. llfttT«^7©l/ 

KT, **!H<D«li«ftHIiHcatJViTK?8 >X, 1 2 fitf^^;* 5©-f ^-i^U—X fttW 
■T*. Hltt*589iCJ:**tt**feK-r«fc»OS«0 30 >X 1 1 *» 6>f *-i?7V — > 1 2 *T©l6(i, P 

*J*fta*U IhIHKJ&^T. l«fa^S»#-rSbfx^ (X, Y, Z) tt*fr*WXtt»«tr±©tt*© 1 jft, 

2ttH5***^51KJ:tjT»6nfcH*ftA P (x, y) Ht-f 1 2±©,£P fctflW 

x= f • X/Z (2) 

t^-s. * * [0030] d©st&ajjg?LT, ^sMsa-rat. 

X' = (Ax/At - Z + x- Z' ) /f (3) 

u=Ax/A t (4) 

T&-5©T, CMffl^T 

Z= (f • X" -x • Z' ) /u (5) 

ift-S. ★ ★[0 0 3 1] uCT 

Z' =*fr*Wav»U|«»*te*Plt ©«»««= -a (6) 

Tab-5^5±S (5) it 

Z= (f • X' +x a) /u (7) 

<hfc*. i^W7'f-fA;i'7D-C!)x*»u}i 

u= (f • X' +xa) /Z (8) 

[0 0 3 2] ioT±S (8) i?), ZtfVK -Tfcfefc ^Tt) SEoT, ^^7^*7 0-1^ 
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(5) 



6-107096 



8 



[0 0 3 3] t/f^A^7D-^FOE 

tf>simtt©ft€K#&sn5£^5;i<h£fij)flU m 
Mlz^^r* %)Vya— £v\zVT 3$ ■£© 

[0 0 3 4] S4fi, nmz^'f'f-^tDV- 

HI t Tr©H«fc*HT* BT*-Ji*fc*#L F O E*> 
»«©*|SltilSH***fiT-S (04 (a) ) . * if 

ISSMt+A t Tf<©H«C*^T, SSFOE*»6» 
»«©>ErlAlfc-j&tf3*|f»Lfcj8«&, NrlffltTW^tro 

o ££*©*©»»***, *irs-£©JME** hA- 

tiT^ft^ni (B4 (b) ) . a*, ±ia»sn 
(b) fcOT*-r^"r*ttB©B*m©t>o-c»s. 

BLh©«fc 5^a^B#M t <DWmZ>±T<D&iZ&^Tm 
[0 0 3 5] S&, «*©;fri£TI4, *fj£-r5«|S|±£ 

[0 0 3 6] #H«TrttSEfc, Mftft©£T©AlC#L 
*J*^*h;i/**»TV»*©*Clifc<, WpIBJ t iWflB t 

+ a t ,t©Ei«-t?g£#«>. -?-©s-e&.5— je©u#n 

[0 0 3 7] — «C, *Hjfetf4»t»ft*l*bfcliHklC 

fc*** WC»S. foT, *fSBJ©7ji£© 

Y = y 2 AZ/fAy 
i-gtbT^3, :3$DttBi±©v--*&£fc.fcT3T£ 

[0 0 4 2] u^T, AZtt2«C©iB«l©P#raMRSA t 
©WfcWjlLftreiiTfcO. *wa«ft»*cilcJ:D 40 

t->3 * T'-r -T 77 ;p 7 □ -©&«Xtfg 3 6 W7j ©©§ 
*!6«£©e«JfeBfc-C»*#*Sf feftftS - ta* 

[0 0 4 3] jjcic, JBBWES^a&SjfirttirtJVJTfiMT 
S. H7ttC©3ErS©— t>©T?*«. 3rf 
*fiE*®i^-r^t> I MV©ft»KI;K*i-ena«R© 

B*»©ifi*, R*lft©&2F, 8«£S8©jff7j£;K 50 



[0 0 3 8] HLfci^ajffilCioT, 

* ^ a * & y u - it a. aug£ift©M Jtei&ifi ©#& 

^**^-r^*^7n-«fflV»T«r*©WS*©S«EX 
«*©»#*£ J: *fcft***as Ji tttBHrC**. 
iot, a»*©aJtt»ilffi©«fe8i»&3-i;T«r»*:r:/ 

[0 0 3 9] H5», i!MWV©**K:J:**^^*;l' 

7 0-£S&5rr*#ffi©— HBtefc^T 

T. -t n£**V«D«Bf Tf »*, jBMfcfrfr&H'b©*:'*-*. 

i«**iBt*ctcj:o. jBa»nB©**flsa«ff*.5 

[0 0 4 0] %}Z. 1&H±©V— ^SSTr^ffifc^T 
B*fflv»T(HBt4. 0 6tt^©7jfe©-*i6WTa5 
0. 4f*«iliJ«*RWt4. E6t4lfx^*^7& 

*fci«eeuTjf3i»nTw*. i i«iW7j£»ifc-r£fcr 

^*^7©W>X. 1 2tttfx^"*^7©'f ^—V-f 
V->**"T. 13Stfl 4«^«jM«©<ilSS:*LT 
V><5. W>X©+'0*ll^<»:-r-5 3^7cffiSt, -f^ — 
v 7 - > 2 hT hE FOE S 2 *7cffiS* 

[0 0 4 1] #»ta©*8l©&B£P (X. Y, Z + A 
Z) , Z^i=AZ»ll«©ttB«Q (X, Y, Z) t 
2'2©3ftJtl©ffiaU£J:D£ (1) ©J;5«C^- 
^t- * 7 n - <D± CT « iMg© fc'x^TJ ;* 7 * T 

©ilSS *»5 ^ 

(9) 

b> C:©S*#ttLfcffllt«fcoT^i*en-S 0 
««#IC»f3fe©b*t»«*«3feUT*#. 7n-S$© 

[0 0 4 4] *J6 5,nfcfe^fS©^#^(C«£o 

£<DmM1aWifr*&7K-fZ>Z.t.%*im\Zt3.Z>. -zzizfe, 

[0 0 4 5] £U:iftWUfc#fgW©7j£K«fc5Hfc$!!JI 
©^li*5*9bT^-ri:, H8©J:5fca:*. *-f, X 
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(6) 



#BB¥6- 1 0 7 0 9 6 



9 

7-v~7s i fcis^Tisnri t-v<om» 

•^©^■ry^S 3{r45^TFOE(0|S^Sff^, 
ry^S 5 tit*. £.£*CI$Wt tl^fHt +A t©Hlft 

^f^WD-^SU Efc&WX-x-y^S 8 !C:fe 

■So 

[0 0 4 6] 

[0 0 4 7] mz. ftftmWX.tef$&%>±<Z>M<D*-7 ; r 
j n-©*£4 te J: DfifcftfWri"* J: 5 L-T 

^7*i#BiAi:asu t&gij5fefT*Mt©ra©ie»i* 

8!£T3;fc»©jeiBih£t2tt*j&Sa*&<&oTV>a© 
T, fin* hT*3T»ttB-ea*. 
[0 0 4 8] Sfc. tMtt©ett. *ltt&ffia«*Mh 

mwmi&<DMmu.iiiz£K), mmommitam^ mm 



20 



[0 0 4 9] ®»K«X« J E-©ffi-&ViSftI-3T2l 

[|gis©ffim^i!iBj] 

[Hi] *»Wfc«k*#iS€*Mrt-*&«>©S«0-« 
[02] HlobTx^^y^JIMl-raW*, B&Rtf 
[03] *«W©#ttfc«k*l»#fc&£©*a©tt2rS 

awr«!t»©Ei-e*-5. 

[05] *»ii©*85CJ:D*^?-f *JP7o-©*» 

[06] *»W©*»ICJ;D*W±©»|»KJ:**^7- 

w a-©B£ic©tfc#£i&Hj-r 

[0 7] *»«©#»££ D 

[08] *««©*»©— *©a«*«-rBn!*s. 
[09] a*©*s©w«jttfi»wr*&«6©H*c* 

[«F^©tB9i] 

1 bf^*^7 

2, 4 sdi&a&B 

5 mmmm 



[01] 

2 
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(7) 



*BB¥6- 1 0 7 0 9 6 
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(8) 



%fM*f6-l 0 7 0 9 6 



S 1 



S 2 










t +A t TCD 



S3. FO 








S4S&5I 





t £S$W t+At 



S 8.«MK©m 
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(9) 



iff KW6 - 1 0 7 0 9 6 



[JltfJB] ¥fiK5^5/3 1 20 

mie***#*6] ran* 

[«IE^*«S«3 0 0 4 1 

[«IE^] * 
Y=y 2 AZ/f Ay 



* [0 0 4 1] &WsMo&m<Dti:W& P (X, Y, Z) , 
Z \Z A Z &l!l&g>ffi@g Q (X. Y, Z-AZ) 
-T^t. 2^©3^^©ffi<KJt«kO^; (1) <D£5iZ-t 

(9) 



mtaai ^5^5^ i 2 b 

BMWIIE 1 ] 

mm*t&wm&i mm 

[H4] 

(a) 




(b) 




immimgmz] mm 
mTEnmmsz] ms 

nasi 
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(10) 



&M*f6-l 0 7 0 9 6 



S 1 



S 2 




S t "CCD 



S2.B#|HJ t+AtTO 



S 3. F 0 E (DeHtfe 



S4.»Mtt©»Jfc 



S 5.1$® 


t £B#IS t +A t 


<D~m\ 











IS** 



#|H!M*gl?fljffl?fl500 
ft 
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